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$- \sum_{j=1}^{n}\int_{-\sigma_{i}}^{0},,r_{ij}(t, s)x_{j}(t+s)ds]$ ,
$t\geq t_{0},1\leq i\leq n$ ,
$x_{i}(t)=\phi_{i}(t)\geq 0,$ $t\leq t_{0}$ , and $\phi_{i}$ $(t_{0})$ $>0,1\leq i\leq n$ ,
(1)
$\phi_{i}(t),$ $1\leq i\leq n$ $t\leq t_{0}$ $c_{i}(t),$ $1\leq i\leq n$ $a_{ij}^{l}(t),$ $1\leq i,$ $j\leq$
$n,$ $0\leq l\leq m$ $[t_{0}, +\infty)$ , $r_{ij}(t, s),$ $1\leq i,j\leq n$ $[t_{0,\infty})\mathrm{x}[-\sigma_{ij}, 0]$
$s$ . $\sigma_{ij},$ $1\leq i,j\leq n$
$\{$
$\sum a_{ii}^{l}(t)m\geq 0,1\leq i\leq n,$
$\tau_{l}(t)\geq 0,\dot{\tau}_{l}(t)<1-\delta,$ $0\leq l\leq m$ ,
$l=0$




Definition 1.1 $(\mathit{1}.\mathit{1})-(\mathit{1}.\mathit{2})$ \mbox{\boldmath $\gamma$}\breve \check $(\mathit{1}.\mathit{1})-(\mathit{1}.\mathit{2})$
persistence
$0< \lim\inf_{tarrow\infty}x_{i}(t)\leq\lim\sup_{tarrow\infty}x_{i}(t)<+\infty,$
$1\leq i\leq n$ .
Definition 1.2 $(\mathit{1}- \mathit{1})(\mathit{1}- \mathit{2})$ $\text{ }$ $\phi_{i}(t),$ $1\leq i\leq n$
$l,$ $L$ $(\mathit{1}- \mathit{1})(\mathit{1}- \mathit{2})$ permanence
$0<l \leq\lim.\inf x_{i}(t)|arrow\infty\leq 1\mathrm{i}_{\mathrm{I}}\mathrm{n}\sup_{tarrow\infty}x_{i}(t)\leq L<+\infty,$
$1\leq i\leq n$ .















$(1.1)-(1.2)$ $0< \lim\sup x_{i}(t)\leq L<\infty,$ $1\leq i\leq n$
$tarrow\infty$
L (1.1)-(1.2)







$I$ $n$ . $\tilde{\mathrm{A}}(t)=[\tilde{a}_{ij}(t)]$ $n$
$\overline{a}_{ij}(t)=\sum_{l=0}^{m}\frac{a_{ij}^{l}(\psi_{l}^{-1}(t))}{1-\dot{\tau}_{l}(\psi_{l}^{-1}(t))}+\int_{-\sigma_{lj}}^{0}r_{ij}(t-s, s)ds$ (3)
$\psi_{l}^{-1}$ $\psi\downarrow(t)=t-\tau_{l}(t)$ $n$ $B=[b\text{ }$
$M,$ $\epsilon_{i},$ $1\leq i\leq n$
$B\tilde{A}(t)\leq I,$ $t\geq t_{0}$ . (4)
$(1.1)-(1.2)$ Liapunov $(t),$ $i=1,2,$ $\ldots,$ $n$
$G_{i}(t)= \exp[-\sum_{k=1}^{n}b_{ik}\sum_{j=1}^{n}\{\sum_{l=0}^{m}\int_{t-\tau_{1}(t)}^{t}\frac{a_{kj}^{lb}(\psi_{l}^{-1}(s))}{1-\dot{\eta}(\psi_{l}^{-1}(s))}x_{j}(s)ds$
$+ \int_{-\sigma_{k_{J}’}}^{0}(\int_{t+s}^{t}r_{kj}(\theta-s,\cdot s)x_{j}(\theta)d\theta)ds\}]$ (5)
$B_{i}(x(t))= \prod_{k=1}^{n}x_{k}(t)^{b_{1k}},$ $V_{i}(t)=B_{i}(t)G_{i}(t),$ $1\leq i\leq n$ .
Liapunov $(1.1)-(1:2)$
$\frac{dV_{i}(t)}{di}\geq V_{i}(t)(\sum_{k=1}^{n}b_{ik^{C}k}(t)-x_{i}(t)),$ $i=1,2,$ $\ldots,$ $n$ .
$(1.1)-(1.2)$ – $(1.1)-(1.2)$
$(1.1)-(1.2)$ $i$ $n$ $x_{i}(t)$
$i$ $x_{i}(t)$
Z.Li and Z.Teng
assumption 2.1 $n$ $B=[b_{ij}]$ \ddagger \sim ‘ ‘
$\{$
$b_{ij}>0$ , $1\leq j\leq i\leq n$ ,
$b_{ii+1}<0$ , $1\leq i\leq n-1$ ,
$b_{ij}=0$ ,
(6)
assumption 2.2 $\epsilon,$ $\omega,$ $\eta,$ $T$
$\int_{i}^{t+\omega}(\sum_{k=1}^{n}b_{ik^{C_{k}}}(s)-r_{\mathit{1}})ds\geq\epsilon,$ $0\leq x(t)\leq\eta,$ $\forall_{t\geq T},$ $i=1,2,$ $\ldots,$ $n$ . (7)
assumption 2.3 $\overline{B}=[\tilde{b}_{ij}]$ $\mathrm{F}$ $n$ . $\tilde{b}_{ii}=b_{ii}>0,1\leq$
$i\leq n,\tilde{b}_{ij}=\mathrm{n}\mathrm{l}\mathrm{i}\mathrm{n}(b_{ij}, 0),$ $i\neq j$ . 3 $M$ - $\mathrm{A}^{\mathrm{a}}$ . $B^{+}=[b_{ij}^{+}\mathrm{j}$
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$n$ , $b_{ii}^{+}\equiv 0,1\leq i\leq n,$ $b_{ij}^{+}= \max(b_{ij)}0),$ $i\neq j$
$\tilde{B}_{k}=[\tilde{b}_{ij}(k)]$ $B_{k}^{+}=[b_{ij}^{+}(k)]$ $(k-1)$ $\tilde{b}_{ij}(k)=\tilde{b}_{ij},$ $1\leq i,$ $j\leq$
$n,$ $b_{xj}^{+}(k)=b_{ij}^{+},$ $1\leq i,$ $j\leq n$ . $\tilde{B}_{k}^{-1}=[\tilde{b}_{ij}^{(-1)}(k)]$ $\tilde{B}_{k}$ .
$\rho_{kj}\equiv b_{kj}-\sum_{l=1}^{k-1}b_{kl}^{+}\sum_{m=1}^{k-1}\tilde{b}_{lm}^{(-1)}$(k)b .
$\rho_{kk}>0,$ $\rho_{kj}\leq 0,$ $k+1\leq j\leq n,$ $1\leq k\leq n$ (8)





2.1. 23. 22. 24.
Z.Li and Z.Teng[l]
3 2.1. 2.3.
$n$ $B$ Eq.(6) Eq.(8) Eq (8)
Eq.(6) (1-1)(1-2)
Lemma 3.1 $n$ $B$ Eq. ( $B$ Eq. (8)
Proof. $n$ B Eq.(6) $\tilde{B}$ –
$b_{ii}>0,1\leq i\leq n,$ $b_{ij}\leq 0,1\leq i<\leq j\leq n$
$\tilde{B}$ $\tilde{B}^{-1}$
$\mathrm{M}$ (cf.[3]). $\rho_{kk}=b_{kj}-\sum_{l=1}^{k-1}b_{kl}^{+}\sum_{m=1}^{k-1}\tilde{b}_{lm}^{(-1)}(k)b_{mk}$
$B$ $\rho_{kk}=b_{kk}-\sum_{l=1}^{k-1}b_{kl}^{+}\tilde{b}_{lk-1}^{(-1)}(k)b_{k-1k}$ $b_{kl}^{+}\geq 0,1\leq l\leq k-1,1\leq$
$k\leq n,$ $b_{kk}>0,$ $b_{kk-1}<0,1\leq k\leq n$ $\tilde{B}^{-1}$ $\mathrm{M}$
$\tilde{B}_{k}$ $\mathrm{M}$ (cf.[3]), $\tilde{b}_{lk-1}^{(-1)}(k)\geq 0,1\leq l\leq k-1,1\leq k\leq n$
$\rho kk>0,1\leq k\leq n$
$\rho kj\equiv b_{kj}-\sum_{l=1}^{k-1}b_{kl}^{+}\sum_{m=1}^{k-1}\tilde{b}_{lm}^{(-1)}(k)b_{mj’}’arrow$ \vee \ $b_{mj},$ $1\leq m\leq k-1,$ $k+$
$1\leq j\leq n$ $B$ $b_{mj}\equiv 0,1\leq m\leq k-1,$ $k+1\leq j\leq n$
$\rho kj=$ b $B$ $\rho kj\leq 0,$ $k+1\leq j\leq$
$n,$ $1\leq k\leq n$
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Eq.(8) Eq.(6)
$B= \frac{1}{467}(=_{38}^{29}6259$ $=_{11}^{18}6788$ $=_{58}^{10}141-3$ $-126-47-118)$
$\rho_{11}=\frac{59}{467}>0$ , $\rho_{12}=\frac{-18}{467}\leq 0$ , $\rho_{13}=\frac{-10}{467}\leq 0$ , $\rho_{14}=\frac{-1}{467}\leq 0$ ,
$\rho_{22}=\frac{88}{467}>0$ , $p_{23}= \frac{-117}{27753}\leq 0$ , $\rho_{24}=\frac{-47}{467}\leq 0$,




$\tilde{A}(t)$ $\Gamma \mathrm{A}$ &
example 3.1 $n=4$ $\tilde{A}(t)=[\tilde{a}_{ij}(t)]$ Eq. (3)
$B$ $\tilde{A}(t)$ Eq. (4)
$a_{\dot{l}j}(t)$ $\tilde{A}(t)$
$\tilde{a}_{ij}(t)\equiv aij(t)$ Eq. (4) $\overline{A}(t)$ $B$
$\tilde{A}(t)=B^{-1}=(=_{3}^{1}81$ $=_{1}^{3}51$ $4111$ $2231)$
$x_{1}$ $x_{2}$
x3 x4 xl x2 x3
$x_{4}$ “ ” Eq. (
Eq. (4) $B\tilde{A}(t)$ 2 1 4 3
$\mathit{0}$
4 2.2. 2.4.
Eq.(7) Eq. (9) Eq.(9)
Eq. (7) $\sum_{k=1}^{n}b_{ik^{C}k}(t)-\epsilon$
$\sum_{k=1}^{n}b_{ik^{C_{k}}}(t)-\epsilon=\{$
$\frac{\pi}{2^{2n+1}}\mathrm{s}^{\backslash }\mathrm{i}\mathrm{n}(\frac{\pi}{2^{2n}}t)$ $(2^{2n}\leq t<2^{2n+1})$ ,
$\frac{\pi}{2^{2n+1}}\sin(\frac{\pi}{2^{2n+1}}t+\pi)$ $(2^{2n+1}\leq t<2^{2n+2})$ .
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